ABSTRACT. The human orosomucoid 1 gene (ORM1) codes an alpha-1-acid glycoprotein that has been classified as an acute-phase reactive protein, and a major drug-binding serum component, as well as an immunomodulatory protein with genetic polymorphisms. Evaluation of ORM variation through isoelectric focusing and immunobloting has revealed a world-wide distribution of the ORM1 F and ORM1 S alleles. We evaluated and examined the genetic characteristics of two Mexican populations that have different anthropo- logical and cultural antecedents, examining two ORM1 genotypes (exon 1 -A/G (Gln20Arg) and exon 5 G/A (Val156Met)) in 145 individuals, using nested polymerase chain reaction, sequencing, and restrited fragment length polymorphism. Mexican Mestizos had higher frequencies of the exon 1 A allele (P = 0.020) and AA genotype (P = 0.018) and lower frequency of the G allele (P = 0.020) when compared to Teenek Amerindians. When we examined exon 5 G/A (Val156Met) polymorphisms, we found significantly higher frequencies of the G allele (P = 0.0007) and the GG genotype (P = 0.0003) in the Mexican Mestizo population. The Teenek population had a significantly higher frequency of the A allele than has been reported for Chinese and African (P < 0.05) populations, and the G/A genotype was more frequently found in this Mexican population than in Chinese, African and European populations (P < 0.05).
INTRODUCTION
Orosomucoid (ORM) or alpha-1-acid glycoprotein is a member of the lipocalins, a family that shares at least two structurally conserved sequence motifs (Flower, 1996) . It has been classified as acute-phase reactive and a major drug-binding serum component (Kremer et al., 1988; Flower, 1996; Akerstrom et al., 2000; Hochepied et al., 2003) as well as an immunomodulatory protein with the ability to down regulate complement activation, along with various phagocytic functions and T-cell-mediated activities (Hochepied et al., 2003) .
ORM is synthesized predominantly in the liver as a single polypeptide of 41-43 kDa, constituted of 183 amino acids, with a hydrophobic prosthetic group, and a high content of sialic acid (Kremer et al., 1988; Yuasa et al., 1997) . Although extrahepatic production of this glycoprotein has also been described, its biological significance is still obscure (Gahmberg and Andersson, 1978; Sörensson et al., 1999; Fournier et al., 1999 Fournier et al., , 2000 .
Since the description of several ORM alleles by protein electrophoresis (Tokita and Schmid, 1963) , various genetic polymorphisms have been reported (Kremer et al., 1988; Kopecky Jr. et al., 2003) . Analysis of the two functional closely linked loci, ORM1 and ORM2, located on chromosome 9q31-32 (Dente et al., 1985 (Dente et al., , 1987 ; GeneID: 5004/rs2636890) disclosed three common ORM1 alleles: F1, F2 and S.
The nucleotide positions 1721 in exon 1, amino acid 20 (Gln20Arg), along with nucleotide position 3615 in exon 5, amino acid 156 (Val156Met) characterize the F/S alleles, and the G→A transition at the site 3615 in exon 5 distinguishes the allelic forms F1 (G) and F2 (A), as well as the S1 (G) and S2 (A) alleles (Yuasa et al., , 2006 .
Evaluation of ORM1 differences through isoelectric focusing and immunobloting has revealed worldwide distribution of the ORM1 F and ORM1 S alleles (Weidinger et al., 1987; Nevo et al., 1996; Sebetan et al., 1997; Yuasa et al., 1997) . Some population surveys have described common occurrence of ORM1 F2 in Europeans, North Africans and West ORM1 polymorphisms in Mexico Asians. In contrast, the frequency of ORM1 S is high in Europe, and low in some Asian groups Li et al., 1999) . These genetic landmarks, including the F and S phenotypes, differ among ethnic groups, including native populations in Asia, Africa, Europe, and America (Johnson et al., 1969; Fan et al., 1993) .
There are also reports indicating that ORM1 polymorphisms are clinically significant. An association between ORM1 F and ORM1 S with several neoplastic disorders, including breast and lung cancer, and immunologically mediated diseases, such as sarcoidosis, has been reported (Fan et al., 1995a,b; Duche et al., 2000) . In addition, the bioavailability of basic or neutral drugs, and the serum concentration of hydrophophic molecules, such as some lipids and steroids, appear to be affected by specific ORM1 alleles (Kremer et al., 1988) .
We examined ORM1 polymorphisms in two Mexican populations that differ in their anthropological and cultural antecedents: Mestizos and Teenek Amerindians. We also compared the allele and genotype frequencies of these Mexican groups with data from other regions of the world.
MATERIAL AND METHODS

Study groups
The study included 145 healthy, unrelated-Mexican individuals, which were divided into two groups: a group of 101 individuals classified as Mestizos of whom three generations, including their own, had been born in Mexico (Fragoso et al., 2005) , and a group of 44 linguistically unclassified individuals, Amerindian Teeneks located in the Huasteca region of San Luis Potosí State (data obtained from the Instituto Nacional Indigenista, Mexico).
The Research Ethics Committee of our Institute approved the study protocol, and all individuals gave written informed consent.
DNA purification
Venous blood was collected from each participant into 7-mL EDTA Vacutainer tubes. DNA was isolated using a standard salting out procedure (Miller et al., 1988) .
Polymerase chain reaction and sequencing
Nested polymerase chain reaction (PCR) was performed using 100 ng DNA. The following primers and conditions were used to amplify initially DNA fragments of ≈1785 bp containing exon 1, 2 and 3: 10 pmol of each of the forward and reverse primers 5'ACGTGCCTCCTGGTCTCA3' and 5'CACGTCAAAAGCAAGCATGT3' , 200 µM dNTP, 2 mM MgCl 2 and 1 U Taq polymerase (Invitrogen, USA) in a total volume of 50 µL. The PCR was performed, using an initial denaturation at 94°C for 4 min, followed by 30 cycles of 1 min at 94°C, 1 min at 56°C, 1 min at 72°C and a final extension of 5 min at 72°C. An aliquot of the DNA product obtained through this initial PCR amplification was used as a template for the next PCR assay, using the same forward primer and a specific reverse primer (5'CAGAGAAGGGAGGCAGCT3'), with an annealing temperature of 55°C through 30 cycles. The resulting amplicon which included exon 1 yielded an expected product of 190 bp. The A/G polymorphism (Gln20Arg) of exon 1 was defined using the DNA product obtained after nested PCR. It was purified from the agarose gel and sequenced automatically (Sanger, 2001) , using on BigDye Terminator cycle reactions (ABI Prism 3100 DNA Analyser) (Applied Biosystems, Foster City, CA, USA).
Polymerase chain reaction and restricted fragment length polymorphism
To detect the polymorphism G/A (Val156Met), exons 4 and 5 were amplified using a standard PCR mixture with previously reported forward and reverse primers (5'AGTGCATCTATAACACCACC3' and 5'GGTTTCACAGGGACTTCTC3') , and an annealing temperature of 54°C in the PCR program. The resulting DNA product of ≈1370 bp was then used as a template for the next PCR, using forward and reverse primers specific for exon 5, 5'CACCATGTCCCCAGTCAGTC3' and 5'TTTCCTGCTCTGGGCCTCTG3'. The PCR program included an initial denaturation at 94°C for 4 min, 30 cycles of 1 min at 94°C, 1 min at 66°C, 1 min at 72°C, and a final extension of 5 min at 72°C. The amplification of the 219-bp specific fragment was followed by restriction enzyme digestion with NlaIII. Based on the DNA fragments expected with this restriction enzyme, the ORM1 genotypes of exon 5 were classified as: wild homozygous (GG), yielding fragments of 174, 38 and 7 bp, heterozygous (GA), showing a pattern of 174-, 117-, 57-, 38-, 7-bp products, and mutant homozygous (AA), with four fragments of 117, 57, 38 and 7 bp.
Statistical analysis
Allele and genotype frequencies of the ORM1 gene polymorphisms were obtained by direct counting. Hardy-Weinberg equilibrium was evaluated with the chi-square test. The allele frequencies obtained in the two Mexican populations were compared and also with reports for other populations, using a Mantel-Haenszel chi-square test.
RESULTS
Polymorphisms
Allele and genotype frequencies of ORM1 gene polymorphisms at exon 1 A/G (Gln20Arg) and exon 5 G/A (Val156Met) in the two Mexican populations, Mestizos and Teeneks, are shown in Table 1 . The observed and expected frequencies in both polymorphic sites of ORM1 were in Hardy-Weinberg equilibrium. Mexican Mestizos had higher frequencies of exon 1 A allele (P = 0.020), and AA genotype (P = 0.018), and a lower frequency of the G allele (P = 0.020) in comparison with Teenek Amerindians. Exon 5 G/A (Val156Met) polymorphism analysis in Mexican Mestizos and Teeneks revealed significantly higher frequencies of the G allele (P = 0.0007) and of the GG genotype (P = 0.0003) in the Mestizos, whereas the A allele and the GA genotype were significantly less frequent in Mestizos than in Teenek Amerindians (P = 0.0007 and P = 0.0003, respectively). ORM1 polymorphisms in Mexico Interestingly, during the analysis of ORM1 polymorphisms using nested PCR and sequencing methods there was at least one Mexican Mestizo who was heterozygous (A/T) at nt 1711 in exon 1 (Figure 1 ) with an amino acid change from threonine to serine (T17S), whereas no similar mutations were found in Teenek Amerindians. All populations were in Hardy-Weinberg equilibrium. NS = not significant.
Polymorphisms in Mexico compared to other world populations
The allele frequency of the exon 5 G/A (Val156Met) polymorphism in the two Mexican populations, Mestizos and Amerindians, was compared with data from reports for other populations (Table 2) . Mexican Mestizos showed similar allele and genotype frequencies for ORM1 polymorphism as those reported in Chinese, African and European populations (GeneID: 5004/rs2636890). In contrast, Teenek Amerindians had different allele frequencies. This Amerindian group had a greater frequency of A allele when compared with Chinese and African (P < 0.05) populations, and it had a high frequency of G/A genotype in contrast with Chinese, African and European populations (P < 0.05). A decreased frequency of GG genotype was observed in Teeneks when they were compared with Chinese, African and European populations (P < 0.05). 
DISCUSSION
We determined the allele and genotype frequencies of ORM1 polymorphism through specific nested PCR, restricted fragment length polymorphism, and sequencing methods. Although the variants of this glycoprotein have been previously defined using electrophoretic characteristics (Weidinger et al., 1987; Nevo et al., 1996; Yuasa et al., 1997; Owczarek et al., 2002; Yuasa et al., 2006) , the recent application of gene-specific PCR and sequencing methods has provided the possibility to distinguish the genetic heterogeneity of ORM1.
Since the nucleotide transitions that define the main alleles of ORM1 were identified at specific nucleotide positions in exons 1 and 5, it is now possible to characterize ORM1 polymorphisms, overcoming the difficulties with differentiating similar electrophoretic patterns, in particular those produced by the F1 and F2 alleles (Nevo et al., 1996; Yuasa et al., 1997) .
The distribution of the ORM1 polymorphisms in Mestizos and Teenek Amerindians showed that these Mexican populations differ not only in their anthropological and cultural antecedents, but in their genetic characteristics as well (Fragoso et al., 2005; Gamboa et al., 2006) . This observation was obtained studying specifically the alleles at the ORM1 locus, ORM1 F1, ORM1 F2 and ORM1 S that have been helpful to distinguish several world populations, and some groups with different ethnical antecedents (Yuasa et al., 2006) . Mexican Mestizos and Amerindians were found to have different frequencies of A/G Gln20Arg (exon 1) and G/A Val156Met (exon 5) ORM1 polymorphisms. Although it is difficult to propose a definitive cause for these genetic differences, several factors may explain this setting. A possible geographic barrier is that the Teeneks have inhabited a region known as Huasteca San Luis Potosí located in the North-Western part of Mexico subsisting as a pure native group since at least 600 BC (Avila et al., 1995) . Additionally, these Teenek Amerindians, who have been called Huastecos for more than 500 years, first by the Aztecs and later by the Spaniards, have maintained their own cultural and organizational characteristics, with minimal migration (Avila et al., 1995) .
There are only few reports on ORM polymorphisms in American populations, or studies which have included native or Amerindian groups (Johnson et al., 1969) , and none of them have compared their allele and genotype results with previous publications. Interestingly, our Mexican Mestizos had ORM1 features similar to other world populations, and the Teenek group revealed several differences.
Teenek Amerindians showed higher frequencies of the A allele and GA genotype of exon 5 in comparison with several Asiatic, African and European populations, considering recent published reports (GeneID: 5004/rs2636890). Although this G→A transition of the exon 5 is described as a Caucasoid polymorphism, and has predominantly been described in Europeans , the present study supports that it may be also common in Amerindians. In addition, the G allele that was frequent in Teenek Amerindians has been rarely found in some native groups in Europe (Moral et al., 1996) .
In this report, we analyzed the three major alleles of the ORM1 locus, nevertheless the ORM1 polymorphisms appear to be more complex than previously thought, in particular since the structure and diversity of the ORM1 and ORM2 genes have been explored. Although the rearrangement of the ORM1 and ORM2 genes was not specifically evaluated in our population, because it was not the main objective of this study, several interesting results have been recently described. The frequencies of duplicated or triplicate genes encoding ORM1 and ORM2 proteins, together with the appearance of different gene arrangements, may distinguish some populations, in terms of their ORM diversity (Nakamura et al., 2000; Owczarek et al., 2002; Yuasa et al., 2006) . For example, the duplication of ORM1 gene is frequent in Africans and Japanese (high as 10-20%) (Nakamura et al., 2000; Yuasa et al., 2006) , and other studies dealing with European and Australian populations suggest that the increase in gene numbers may occur at appreciable frequencies (Dente et al., 1987; Rocha et al., 1993; Owczarek et al., 2002) .
The presence of at least two types of ORM1 F1: the ORM1 F1 (Ala) and ORM1 F1 (Thr), which depend on a G→A transition at nt 1708 (amino acid 16) in exon 1, has been recently described in Africans (Yuasa et al., 2006) . Our study revealed that in addition to the frequent occurrence of G allele ORM1 F1 (Ala), it is possible to find other ORM1 mutations of exon 1 in Mexican Mestizos (for example: heterozygous A/T at nt 1711) which have not been previously described, and merits a further investigation.
ORM1 S has also been classified as ORM1 S2 (T) and ORM1 S2 (C) according to the presence of T or a C at nt 3626 (Yuasa et al., 2006) , which is of interest because this change was observed in a Ghanaian family; a low frequency of allele S2 has been described in some Asiatic, Finns, and Swedish groups (Fan et al., 1993) , and the study of Mexican subjects did not reveal the presence of this ORM1 S2 polymorphism. Therefore, further studies are needed in order to demonstrate whether these gene arrangements may distinguish other world populations or specific ethnic groups, including Amerindians.
Several groups have pointed out the possible clinical significance of the mentioned ORM1 polymorphisms (Mittermüller and Weidinger, 1992; Fan et al., 1995a,b; Duche et al., 2000; Lee et al., 2001; Hashimoto et al., 2004) . According to previous observations, the A/G (Gln20Arg) variants of exon 1 of ORM1 have been found to be associated with sarcoidosis (A allele), and with lung and breast cancer (G allele) (Fan et al., 1995b) . Although the cause of this relation has not been elucidated, it has been suggested that some ORM1 alleles might be implicated in the immunological mechanisms that may downregulate the anti-tumoral response (Fan et al., 1995a) .
In summary, the study of the ORM1 polymorphisms led us to distinguish two Mexican populations with different anthropological, cultural, as well as genetic antecedents. The possibility to compare our results with other publications has also provided the opportunity to analyze the distribution of the main ORM1 variants in different ethnic groups. We are now studying whether some alleles of ORM1 may have a possible role as genetic susceptibility factors associated with the development or progression of disease.
